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Abstract 
This paper examined the wing rock motion of an aircraft model with a configuration of slender fuselage, 81°-swept strake wing, 
48°-swept wing and twin vertical tails. These experiments covered the alpha range of 0° to 70° and zero sideslip with a 
Reynolds number (Re) of 1.2×105.The roll motion pattern can be divided into three regions: No wing rock region (Į=0-20°), 
micro-vibration region (Į=20°-35° and Į=60°-70°), wing rock region (Į=35°-60°). At the wing rock region, the motion was 
not induced by asymmetric vortices on slender forebodythrough the analysis of response relationship between wing rock 
motion and location of nose perturbation. 
© 2013The Authors. Published by Elsevier Ltd. 
Selection and peer-review under responsibility of theNationalChiaoTungUniversity. 
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Nomenclature 
Į angle of attack (°) 
Ȗ circumferential location of nose perturbation at the tip of the model (°) 
ĭ roll angle (°) 
V free-stream velocity (m/s) 
1. Introduction 
Modern aircraft must be controllable while operating at high angle of attack due to requirements of 
maneuverability and agility, and wing rock is a typical unwanted self-induced rolling oscillation which arises from 
the unsteady behavior of the vertical flow field on forebody or(and) wing during the high-angle-of-attack flight[1]. 
Through an analysis of available experimental data for aircraft configurations at high angle of attack, Ericsson [2-
3] considered that wing rock can be generated by three different fluid mechanical flow processes: slender wing 
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rock, conventional wing rock of aircraft wings with straight or moderately swept leading edge and wing-body 
rock.And wing-body rock was caused by asymmetric vortex shedding from a slender forebody. From the research 
of Ma Baofeng, Wang Bing and Rong Zhen [4-6], itwas known thatwith different locationȖof nose perturbation, 
the wing rock motion induced by asymmetric vorticesof the slender forebody under the condition of subcritical 
Reynolds number can be divided into three types: single-limit-cycle wing rock (Ȗ=0° or 180°), double-limit-cycle 
wing rock(Ȗ=90° or 270°), and micro-vibration (the rest Ȗ ). For the model tested in the paper, there were 
obviously asymmetric vortices occurred from the slender forebody at high angle of attack. So the objective of this 
research was to gain the relationship of wing rock motion and forebody asymmetric vortices, thusgot a better 
understanding of the roll behavior of the aircraft model. 
2. Experimental setup 
2.1. Wind tunnel facility 
Experiments were conducted in the D4 low-speed close-looped wind tunnel at Beihang University. The open 
test section has a 1.5×1.5m cross section and 2.5m of length. The maximum free-stream velocity is 60 m/s and the 
turbulence level is slightly less than 0.08%. Throughout the study, a free-steam speed of approximately 50 m/s 
was maintained. 
2.2. Model 
Tests presented in this paper were conducted on a steel free-to-roll model. The model was a configuration of 
slender fuselage, 81°-swept strake wings, 48°-swept wings and twin vertical tails. The total length of the model 
was 0.608m and the wing span was 0.445m with wing area of 0.5679m2. The average aerodynamic chord was 
0.141m, as was shown in Fig.1. 
 
Fig. 1. Model sketch 
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2.3. Free-to-roll apparatus 
The roll position of the model was measured with a 12-bit optical encoder which represented a resolution of 
0.088° because it contained a series of LEDs and a receiver that transmitted in digital form 4069 unique roll 
positions. The encoder was fixed to the back of roll axis so that it moved with the model, as was shown in Fig.2. 
The electromagnetic brake was used to release or lock the motion at the right time in the tests. A computer was 
used to read in the data from the encoder. The stored data was low pass filtered to remove the digital “step” in the 
data so that the time histories could be finite differenced to obtain angular velocity and dominant frequency. 
 
 
Fig. 2. Free-to-roll apparatus 
2.4. Nose perturbation 
In the tests, perturbation,referred as nose perturbation, was stick to the tip of the model, which was small 
ceramic ball with diameter of 0.2mm. The location coordinate was based on body axis system from rear view of 
the model, as was shown as Fig.3. 
ġġġ  
Fig.3.The nose perturbation 
3. Results and discussions 
3.1. Free-to-roll Results 
The model was tested with the free-to-roll apparatus, discussed in the previous section, over an alpha range of 0° 
to 70° with zero sideslip, and a Reynolds number (Re) of 1.2×105 without nose perturbation. For each individual 
case, the model was released from a stationary position of zero roll angle, and at each alpha the resulting model 
motion was recorded as time histories, which were then analyzed to obtain the amplitude and frequency of the roll 
motion. Since the amplitude of the limit cycle varied in the beginning, an average of the peak-to-peak amplitudes 
was taken over a period of five to twenty seconds. In this way, the wing rock envelope can be gained, as was 
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shown in Fig.4. The solid points represented the equilibrium position of roll motion while the error bars 
represented the peak-to-peak amplitude. 
 
Fig.4. wing rock envelope 
In general, theresult indicated that a genuine, self-induced wing rock motion occurred for the model. The tests 
had shown conclusively that the model undergone bounded roll oscillations without any external manipulation or 
simulation. The results were highly repeatable within the confines of experiments error and data scatter. 
According to previous theoretical, complex wing rock motion can be analyzed by motion partition concept[7-8], 
which aimed to convert the complex problems into simple ones. Partition characteristics of motion based on the 
angle of attack was obtained in the tests. The roll motion pattern of the model can be divided into three regions. 
(1) No wing rock region (Į= 0-20°) 
For low angles of attack, the roll angle trimmed around ĭ=0°, the motion was a damped oscillation with a very 
small amplitude of oscillation, probably due to flow disturbance. Fig.5 showed the time history and phase diagram 
when Į =15°. 
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(b)  
Fig.5. Free-to-roll time history (a) and phase diagram (b) (V=50m/s Į=15°) 
(2) Micro-vibration region (Į=20°-35°and Į=60°-70°) 
As the pitch angle was increased, the flow field over the model changed, so did the dynamic behavior. In this 
region, the amplitude of oscillation increased slightly, and the equilibrium position deviated from ĭ=0°, compared 
with No wing rock region. Fig.6presented the time histories and phase diagram when Į =30°. 
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 (b)  
Fig.6. Free-to-roll time history (a) and phase diagram (b) (V=50m/s Į=30°) 
(3) Wing rock region (Į=35°-60°) 
As alpha continued to increase, the model started to wing rock. At Į=35°-45°, the peak-to-peak amplitude of 
the wing rock was large and the equilibrium position was almost zero. Fig.7 presented the time history and phase 
diagram when Į=40°. The motion was the single limit cycle wing rock, which amplitude was nearly 30°and the 
frequency was 2.47Hz. 
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(b)  
(c)  
Fig. 7. Free-to-roll time history(a), phase diagram(b) and spectrogram (c) (V=50m/s Į=40°) 
At Į=45°-60°, the peak-to-peak amplitude was small and the equilibrium position was slightly deviated from 
zero, and the motion pattern was still single limit cycle wing rock. Fig.9 presented the time history and phase 
diagram when Į=50° and the frequency was 2.63Hz. 
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(b)  
(c)  
Fig. 8. Free-to-roll time history (a), phase diagram(b) and spectrogram (c) (V=50m/s Į=50°) 
3.2. The response relationship between wing rock and noseperturbationlocation 
According the previous research on wing rock induced by asymmetric vortices of slender forebody, nose 
perturbation could dominate flow structure of asymmetric vortices, that for the two asymmetric vortices structure 
at high angle of attack, the location of left vortex was low and the location of right vortex was high when Ȗ=0°-90° 
and 180°-270°, while location of the two vortices swapped when Ȗ=90°-180° and 270°-360°. The changes of flow 
field could lead to changes in roll motion. As a result, as the wing rock motioninduced by asymmetric vortices of 
slender forebody, different location of nose perturbation lead to different wing rock motion pattern[4-5].  
In the tests, the diameter 0.2mm ball perturbation was attached to the nose of model. The location Ȗ was from 
0°~360° with an interval of 30°. 
Fig.9 and Fig.10 showed that under the condition of different nose perturbation location,at Į=40°,the amplitude 
of wing rock motion changed from 25° to 35°, and the equilibrium position and frequency was the same; while at 
Į=50°, the equilibrium position and amplitude of wing rock motion changed in small scale, the frequency was the 
same, which meant there was no changes in the wing rock pattern. At the same time, Fig.7 and Fig.8 showed that 
the roll motion of the model was only single-limit-cycle wing rock, thus proved that the nose perturbation location 
had less influence on wing rock motion in the model. It was contrary to the wing rock pattern induced by 
asymmetric vortices from slender forebody, which indicated that the wing rock motion of the model was not 
dominated by asymmetric vortices from slender forebody. 
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(a) (b)  
Fig 9. Equilibrium position, Amplitude (a) and Frequency (b) with different location of nose perturbation(V=50m/s Į=40°) 
(a) (b)  
Fig 10. Equilibrium position, Amplitude (a) and Frequency (b) with different location of nose perturbation(V=50m/s Į=50°) 
4. Conclusion 
An experimental investigation of the roll behavior of an aircraft model was conducted. The results show that 
the model will experience self-induced roll phenomenon at high angle of attack and the roll motion pattern can be 
divided into three categories: No wing rock (Į= 0-20°), micro-vibration region (Į= 20°-35° and Į= 60°-70°), wing 
rock region (Į= 35°-60°).  
At wing rock region (Į= 35°-60°),through the analysis of response relationshipbetween wing rock motionand 
nose perturbation location, it was found that the nose perturbation location had less influence on wing rock motion 
in the model. As a result, the wing rock of the aircraft model was not dominant by asymmetric vortices on slender 
forebody. 
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